The extent to which increasing longevity increases per capita demand for long-term care depends on the degree to which utilization is concentrated at the end of life. We estimate the marginal effect of proximity to death, measured by being within 2 years of death, on the probabilities of nursing home and formal home care use, and we determine whether this effect differs by availability of informal care -i.e. marital status and co-residence with an adult child. The analysis uses a sample of elderly aged 701from the 1993-2002 Health and Retirement Study. Simultaneous probit models address the joint decisions to use long-term care and co-reside with an adult child. Overall, proximity to death significantly increases the probability of nursing home use by 50.0% and of formal home care use by 12.4%. Availability of informal support significantly reduces the effect of proximity to death. Among married elderly, proximity to death has no effect on institutionalization. In conclusion, proximity to death is one of the main drivers of long-term care use, but changes in sources of informal support, such as an increase in the proportion of married elderly, may lessen its importance in shaping the demand for long-term care.
INTRODUCTION
Concerns about the growth in long-term care expenditures have intensified over the last decade because of the aging of the baby boom generations and the ongoing increase in life expectancy (NCHS, 2003) . The growing elderly population will undoubtedly increase the pool of persons in need of long-term care. However, if the use of long-term care is concentrated at the end of life, increasing longevity may not increase the per capita demand for long-term care substantially. Therefore, the overall demand for longterm care may not increase as much as anticipated by some researchers and policy makers.
A growing body of literature documents that proximity to death, rather than age, is the main determinant of acute and post-acute care expenditures at the end of life (Zweifel et al., 1999 (Zweifel et al., , 2004 Felder et al., 2000; Cutler and Meara, 2001; Seshamani and Gray, 2004a,b) . For an overview of these studies refer to Payne et al. (2007) . As elderly persons get closer to death, their use of health-care services increases, not because they become older per se but because their health deteriorates. Proximity to death captures the deterioration in health associated with the mortality process, while age and other indicators of health status capture the health decline due to morbidity. Accounting for the effect of proximity to death results in lower estimates of future Medicare expenditures (Miller, 2001; Stearns and Norton, 2004) . Disentangling the effect of proximity to death from the effect of age on the use of longterm care has received limited attention and is not well understood (Cutler and Sheiner, 1998; Yang et al., 2003; Werblow et al., 2007) . The first contribution of this study is to estimate the marginal effect of proximity to death on the use of nursing home and formal (paid) in-home care to assess the extent to which increasing longevity is likely to raise individual participation in the long-term care market.
Besides health status, another major determinant of the demand for long-term care is the availability of informal care. Care provided by family members and friends is usually a substitute to nursing home and formal home care use (Lo Sasso and Johnson, 2002; Van Houtven and Norton, 2004, 2008; Charles and Sevak, 2005) . Typically, the primary caregivers of married elderly are spouses, while children care for unmarried parents (Spector et al., 2000; Spillman and Pezzin, 2000) . However, the availability of informal care is changing over time. Availability of spousal care is currently growing because of the documented increase in the proportion of married elderly (CPS, 2007) . At the same time, support from children may be reduced due to declining fertility rates and competing demands on adult children (Pezzin and Schone, 1999; Carmichael and Charles, 2003) . In the context of increasing longevity and changing informal support, we estimate the effect of proximity to death by availability and sources of informal care -i.e. by marital status and whether the elderly co-reside with an adult child. To our knowledge, this is the first study to analyze the interplay between these two major determinants of longterm care.
The probabilities of nursing home and formal home care use are estimated separately by probit models with simultaneous equations. Such simultaneous probit models provide consistent estimates when correcting for the simultaneity of multiple dichotomous decisions (Bhattacharya et al., 2006) . The decision to use nursing home care is modeled as being determined simultaneously with the decision to co-reside with an adult child and the decision to co-reside interacted with proximity to death. A similar simultaneous estimation is conducted for the probability of formal home care use. The estimates provide insight into the interaction between some of the most important factors affecting future longterm care use.
BACKGROUND
Health-care expenditures increase substantially in the last years of life and with age at death (Lubitz et al., 1995; Lubitz, 2000, 2002) . However, the pattern of use before death differs for acute care and long-term care. Spillman and Lubitz (2000) show that hospital and physician expenditures increase at a decreasing rate and nursing home expenditures increase at an accelerating rate with age at death. One limitation of these studies is that they do not separate the effect of age from the effect of proximity to death. The increase in use of health-care services may not be due to the aging of the population per se, but to the fact that utilization is concentrated at the end of life. Disentangling these two phenomena is particularly important in the context of increasing longevity. If life expectancy remains constant, age can be used by itself to consistently estimate the demand for long-term care. If life expectancy increases over time, as observed over the last decades, omitting proximity to death overestimates the effect of age and therefore the predictions of future health-care expenditures (Miller, 2001; Stearns and Norton, 2004) .
Proximity to death and long-term care use
Evidence of the effects of age and proximity to death on long-term care use is limited (Cutler and Sheiner, 1998; Yang et al., 2003; Werblow et al., 2007) . Estimating a linear probability model on the 1992 Medicare Current Beneficiary Survey, Cutler and Sheiner (1998) find that being within 2 years of death has a positive and significant effect on the probability of nursing home use. The impact of age on institutionalization diminishes considerably once controlling for proximity to death. Yang et al. (2003) conduct a graphical analysis and illustrate that Medicaid and nursing home expenditures increase steadily with age, regardless of proximity to death. Home health expenditures increase slightly with age and time to death. Using Swiss data, Werblow et al. (2007) find that aging may increase long-term care expenditures, even after controlling for proximity to death. These studies either rely on old data (from 1992 for Cutler and Sheiner, 1998) , rely on a purely descriptive analysis (Yang et al., 2003) , or have incomplete empirical models (Cutler and Sheiner, 1998; Werblow et al., 2007) . None of these studies has been able to address the potential endogeneity of proximity to death.
Not only is life expectancy increasing but disability, a major determinant of long-term care use, is also changing over time (Manton et al., 1998; Lakdawalla et al., 2003; Manton, 2003) . Some studies show that disability and time to death have independent effects on acute and long-term care expenditures, while age has either a small effect or is not significant (Cutler and Sheiner, 1998; Cutler and Meara, 2001; Stearns et al., 2007) . In all three studies, the conclusion is the same regardless of the type of expenditures: the effect of age diminishes considerably when controlling for disability and time to death. These three measures capture different dimensions of health deterioration. Proximity to death may reflect irreversible degradation in the physiological functions when approaching death. Disability, traditionally measured by limitations in activity of daily living (ADL) and instrumental activity of daily living (IADL), depicts chronic dimensions of the deterioration in health, which are not experienced by all individuals. Such morbidity process may or may not be related to the mortality process. Once the mortality and morbidity processes are controlled for, age captures any remaining needs related to aging itself. The present study determines whether proximity to death significantly increases the likelihood of participating in the long-term care market, when controlling for age and disability severity.
Sources of informal home care and proximity to death
In the long-term care literature, separate attention is usually paid to the effects of aging (Lubitz et al., 2003; Dormont et al., 2006) and informal care (Lo Sasso and Johnson, 2002; Charles and Sevak, 2005; Van Houtven and Norton, 2004, 2008) . In the present study, we look at the interplay between some dimensions of these two major determinants of nursing home and formal home care use. Because informal care is typically a substitute to nursing home and formal home care use, we hypothesize that availability of informal support mitigates the effect of proximity to death. Stated differently, the effect of proximity to death is expected to be smaller among married elderly and the elderly co-residing with an adult child than among non-married elderly
The effects of availability of informal care on formal long-term care use may depend on the relationship between the caregivers and the elderly persons (Norton, 2000) . Freedman (1996) shows that being married reduces the likelihood of institutionalization more than having a daughter as caregiver. Newman and Struyk (1990) document that help provided by a spouse is associated with a lower risk of institutionalization, while help from other person's results in a higher likelihood of nursing home use. Such differences can be explained by different opportunity costs for retired spouses and middle-aged children who are still part of the work force, distinct motivations and social justifications to provide care for spouses and children, or by different preferences of the care providers and recipients. Therefore, the effect of proximity to death may differ whether spousal care or support from children is available.
In this study, availability of spousal care is measured by marital status and availability of informal care from children is measured by co-residence with an adult child. This latter indicator is selected for two reasons. First, the decision to move in with an aging parent, or to have an elderly parent move in with a child, is often motivated by the need to supervise and provide some support to that aging person. In that regard, co-residence with an adult child is a less noisy indicator of available support from children than other potential measures, such as having children living close by. Second, such living arrangement is comparable to being married to the extent that in both cases the potential caregiver resides with the elderly person.
Hypotheses
The two main contributions of this study are (i) to disentangle the effect of age, disability and proximity to death on the likelihood of long-term care use; and (ii) to document the interplay between two major determinants of long-term care use: proximity to death and sources of informal support. To summarize, this study tests three hypotheses:
1. Proximity to death increases the probability of institutionalization and the probability of formal home care use. 2. Proximity to death has a smaller effect among married elderly and those co-residing with an adult child than among non-married elderly without a co-residing child. 3. The effect of proximity to death differs by source of informal support, i.e. married elderly and the ones residing with an adult child.
We do not hypothesize a priori the relative differences in the effect of proximity to death by type of informal support (hypothesis 3) because the evidence in the literature is limited and the theory is not well developed. Estimates of the relative differences in effect are therefore an empirical contribution of this work.
In hypothesis 2, we focus solely on the interaction between the mortality process, captured by proximity to death, and availability of informal care. Conceptually, other interactions would be of interest, such as between proximity to death and age (Stearns et al., 2007) or between the morbidity process (disability) and availability of informal care. Adding such interactions is beyond the scope of the present paper and raises empirical issues, such as multicollinearity.
METHODS

Empirical model
To test these hypotheses, we use panel data to estimate two separate models: the probability of institutionalization and the probability of formal home care use. The dependent variables are dichotomous indicators of whether individual i is institutionalized or has any formal home care use at the time of interview t (Pr[Y it 5 1]). The formal home care model is conditional on residing in the community, as opposed to being institutionalized. We rely on interaction terms to test whether the effect of proximity to death differs by availability and sources of informal support. Specifically, these two models are specified as functions of proximity to death (PTD it ), its interaction with being married (PTD it Â Married it ) and co-residing with an adult child (PTD it Â Rchild it ), age, and other explanatory variables correlated with the variables of interest and long-term care use:
Proximity to death is measured by a dichotomous indicator of whether the person is within 2 years of death at the time of each interview. The literature documents that the use of health-care services increases the most in the last 2 years of life (Seshamani and Gray, 2004a,b; Lubitz et al., 1995; Yang et al., 2003) . Furthermore, such a time frame minimizes the number of missing observations. In the Health and Retirement Study (HRS), the interviews occur every 2 years. When the date of death is unavailable (n 5 991), the vital status at the next interview indicates whether an individual is deceased.
Married elderly also include the elderly living with a partner without being legally married. These cohabiting elderly represent a very small fraction of our sample and the results reported below are not sensitive to including cohabiting elderly in the Married variable. Age has a quadratic form to capture potential nonlinear effects. The control variables (Controls it ) include the following factors. Disability is measured by having difficulties with ADLs and IADLs. Two sets of three dichotomous variables indicate the number of limitations: 1 ADL, 2-3 ADLs, 4-5 ADLs, with no ADL as reference category, and similarly for the number of IADLs. The cognitive level of the participants is assessed by a set of 10 questions testing their memory ability. Low cognition is defined as having five or fewer correct answers. The socioeconomic characteristics are being African American, having less than a high school degree, and net wealth represented by a set of categorical variables (r1000; 1001-20 000; 20 001-200 000; 200 001-500 000 and above 500 000 as reference). The health insurance indicators are Medicaid coverage and having long-term care insurance. Living arrangements are controlled for by whether the person resides in a senior housing or a retirement community and whether any child lives within 10 miles. These two variables can also be considered as indicators of the availability of paid and informal home care. The geographic variables are urban and suburban indicators. Time fixed effects (FE) adjust for changes in the long-term care market in the 1990s, such as the changes in Medicare home health reimbursement and the expansion in Medicaid home and community-based services. The error term (e it ) captures any remaining unobserved heterogeneity.
Endogeneity
Two variables of interest may be endogenous to the participation in the long-term care market: proximity to death and residing with an adult child. With respect to proximity to death, some argue that using long-term care may lengthen life. Holding other characteristics constant, nursing home residents may live longer than the elderly living at home because they benefit from closer supervision. Nevertheless, the opposite may apply: once institutionalized, the elderly persons may lose interest in life and die faster than if they remained in the community. Furthermore, unobserved individual characteristics may influence both proximity to death and long-term care use. For example, having a healthy life style -e.g. exercising and having a balanced diet -may not only lengthen life but also reduce the use of health-care services. Zweifel et al. (2004) tried to address the endogeneity of time to death in a model of health-care expenditures. They adopt what they call a 'quasi-instrumental variables' strategy, by controlling for lagged health-care expenditures in their main equations. Their finding that proximity to death, rather than age, is the main determinant of health-care expenditures is robust to endogeneity error. Nevertheless, the authors point out that their instruments are likely to be invalid because they are correlated with unmeasured characteristics.
In the present study, no valid instrumental variables were found for proximity to death (examples of tested instruments: ages at death of the interviewee's mother and father, childhood socioeconomic status, medical conditions not related to long-term care use). Furthermore, nonlinear individual fixed effect models that would account for part of the endogeneity cannot be estimated because the probabilities of institutionalization and formal home care use are low (Greene, 2003; Bhattacharya et al., 2006) . However, we estimated linear probability models with and without individual FE to observe the impact of adjusting for time-invariant unobserved person-level heterogeneity, such as family and individual preferences, or attitude toward risks. Controlling for such unobserved factors reduces the risk of omitted variable bias and endogeneity because the error term of the main equation may not be correlated with both the key variables of interest and the likelihood of long-term care use. The coefficients on proximity to death are larger when adjusting for individual FE. These results (available on request) indicate that not adjusting for such heterogeneity provides conservative estimates because the coefficients of interest are smaller than they would be if we could take full advantage of the panel data. However, such linear probability models predict out of the [0,1] range and produce biased estimates (Bhattacharya et al., 2006) .
The second variable of interest that is endogenous to long-term care use is co-residence with an adult child. An adult child may move in with a parent whose health is deteriorating to provide help with everyday needs. In that context, decisions about co-residence and long-term care use are made jointly. Furthermore, unobserved individual and family characteristics may affect both living and care arrangements. For example, the sense of responsibility and duties toward the elderly may vary across cultural or ethnic groups. Unobserved attitudes and beliefs not only affect the likelihood of a child living with an aging parent but also the type of long-term care received by that parent. An instrumental variable strategy is adopted to correct for the endogeneity of co-residing with an adult child.
Some of the control variables, such as Medicaid coverage or residing in a retirement community, may also be endogenous to the long-term care decisions. We include them in our models to reduce the potential for omitted variable bias under the assumption that the bias from endogeneity is small.
Estimation strategy
We estimate simultaneous equations because the decision to reside with an adult child is likely to be made jointly with the decision to participate or not in the long-term care market. Furthermore, because residing with an adult child is interacted with proximity to death; we estimate three equations simultaneously. For example, in the nursing home model, we estimate jointly:
(1) the likelihood of institutionalization Pr[Y it 5 1] -this dependent variable has a value of 1 when the person resides in a nursing home, 0 otherwise; (2) the likelihood of co-residing with an adult child Pr[RCHILD it 5 1] -this dependent variable has a value of 1 when the survey individual co-resides or used to co-reside with an adult child, 0 otherwise; (3) the likelihood of co-residing with an adult child interacted with proximity to death Pr[(PTD it Â RCHILD it ) 5 1] -this dependent variable has a value of 1 if the person co-resides with an adult child and is in her last 2 years of life (double condition), 0 otherwise.
For identification purposes, we need instrumental variables that predict co-residence with an adult child and its interaction with proximity to death, but do not predict the participation in the long-term care market. Equations (2) and (3) contain all the right-hand side variables of the main equation of interest (1), plus instrumental variables, which do not enter into the main Equation (1). Following Wooldridge (2002), the same instruments are used in Equations (2) and (3).
We use instruments similar to those found in the literature on informal home care: characteristics of the children of the elderly participants (Checkovich and Stern, 2002; Van Houtven and Norton, 2004, 2008; Charles and Sevak, 2005) . It is well known that daughters are more likely to be caregivers than sons and birth order may also matter. We therefore use the number of daughters and whether the oldest child is a daughter as instrumental variables. The number of grandchildren may also affect co-residence with an adult child, either because of competing demands on adult children or as a measure of family values and communality. The age of the oldest adult child is also used to predict co-residence because it may capture the ability to co-reside with a frail parent. According to Wooldridge (2002) , an endogenous variable appearing in an interaction term comes with its own instruments, which are the instruments for the endogenous variable (here the instruments for co-residence with an adult child) interacted with the other variable entering in the interaction (here proximity to death). Given the available instruments, the equations representing nursing home or formal home care use are overidentified.
For each type of care, we report both the standard single-equation probit model and the simultaneous probit model to illustrate the impact of adjusting for the endogeneity of co-residing with an adult child on the estimates of interest. Standard errors are adjusted for heteroskedasticity and individual level clustering. The magnitude and significance level of proximity to death by sub-group is difficult to determine directly from the coefficients because we estimate nonlinear models with multiple interaction terms (Ai and Norton, 2003; Norton et al., 2004) . Thus, we rely on the bootstrap technique to determine the statistical significance and the marginal effect of proximity to death. First, we report the overall marginal effects of proximity to death and age. We then present the marginal effect of proximity to death separately for non-married, married, and elderly who co-residing with an adult child, holding other characteristics constant. Being married and co-residing with an adult child are not mutually exclusive categories. Consequently, the marginal effect of proximity to death among married elderly is predicted holding the co-residence with an adult child constant and vice versa. Similarly, in the formal home care model, we estimate jointly the likelihood of having any formal home care use with the Equations (2) and (3) above.
We estimate the two simultaneous probit models by the method of simulated maximum likelihood. In that context, non-concavities and non-convergence are common issues, especially in models with interactions terms that are collinear. In this model, there is no serious multicollinearity between the control variables and the key variables of interest (correlations are below 0.3). Following Cappellari and Jenkins (2006) , we experimented with different starting values and convergence algorithms to achieve stable results despite the use of interactions.
Finally, we test the robustness of our results to the measure of proximity to death by running the same models using a shorter time to death indicator of 'being within 1 year of death' instead of 'being within 2 years of death'.
DATA
The analysis is conducted on panel data from the HRS from 1993 to 2002. In the present study, two cohorts of participants are used. The Asset and Health Dynamics Among the Oldest-Old (AHEAD) sampled people aged 701, and their spouses and partners, in 1993. This cohort was surveyed separately from 1993 to 1998 when it was merged with the HRS. The Children of the Depression (CODA) cohort was added to the HRS in 1998 and includes participants born between 1924 and 1930. The baseline samples are restricted to elderly living in the community, but the residential status of the respondents is not a criterion in subsequent waves. Because the baseline samples do not include institutionalized elderly, they represent a healthier group than the overall elderly population.
Proximity to death is a retrospective measure of whether the respondent is within 2 years of death at the time of each interview. This indicator is based on the month and year of death from National Death Index . Because the interview day is available only in 1993, we assume that both the interviews and dates of death occurred on the 15th of the month. Doing so minimizes errors and allows us to determine the number of days between each interview and death. The 2002 data are used to determine only who died since the 2000 interview, but observations from the 2002 wave are not used in the regression analysis.
Our sample includes all HRS participants and spouses aged 70 and over at baseline: the sample contains 7443 AHEAD participants in 1993 and 1553 CODA participants in 1998. Spouses or partners younger than 70 are excluded from the analysis. The restriction of the analysis to person's age 70 or older occurs primarily because the HRS did not sample people under age 70, but the restriction is reasonable because long-term care use tends to occur at advanced ages (Spector et al., 2000) . The attrition over time is mainly due to mortality. Between two consecutive waves, the hazard rate of death varies between 10.6 and 16.6% for the AHEAD cohort and between 4.2 and 6.5% for the younger CODA cohort. Missing data, primarily on co-residence with adult children, results in dropping 7.3% of the observations. The regression analysis is conducted on four waves of data (1993, 1995, 1998 and 2000) , while the 2002 observations help determine whether the persons surveyed in 2000 die within 2 years. The final sample has 23 534 observations and is used to estimate the model of the likelihood of nursing home use. Some 3.6% of these observations correspond to institutionalized participants at the time of the interview, leaving a community-based sample of 22 684 observations for estimation of the formal home care model. This community sample includes persons living in assisted living or senior housing facilities.
The participants are on average 78.8 years old with the youngest person being 70 and the oldest 107 years old. About 75% of the person-wave observations do not have any difficulties with IADLs and 76% do not have any difficulties with ADLs. The most disabled persons, who report 4-5 ADL limitations, represent 5.5% of the observations. Low cognition is more prevalent at 15.1%. Males account for 39.4% of the observations, African American for 12%, and nearly 43% did not graduate from high school. The mean net wealth is $165 230, for a median of $80 500. Medicaid covers about 10.3% of the sample at some point, and roughly 10% has long-term care insurance. About 6% lives in a retirement community or senior housing, and more than half of the sample has children living within 10 miles at some point during the survey. Urban and suburban residents represent 45 and 29%, respectively.
Persons approaching death are more likely to use long-term care than those further away from death (Table I) . Some 14.6% of the persons in their last 2 years of life reside in institution, compared with 2% of the people further away from death. Similarly, 14.7% of community residents within 2 years of death use formal home care, compared with 3.9% of those further away from death. Availability of informal care also differs by proximity to death. Married elderly account for 39.5% of the persons in their last 2 years of life while they represent 48.8% of the persons not close to death. Some 19.9% of the persons in their last 2 years of life reside with an adult child at some point, compared with 15.9% of those further away from death. As expected, these proportions are higher when considering the community dwellers only. Table II provides results from specification tests. The set of instruments that performs the best in the nursing home model are the number of daughters, the number of grandchildren, the age of the oldest child and whether the oldest child is a daughter interacted with proximity to death. In the formal home care model, the valid instruments are the number of grandchildren, whether the oldest child is a daughter and their interaction with proximity to death. The w 2 tests indicate that for both types of care, the identifying instruments are strong predictors of co-residence with an adult child and its interaction with proximity to death. Overidentification tests, consisting of Wald tests on the instruments when included in the main equations, show that the instruments are also validly excluded from the main equations. Finally, the Rivers-Vuong exogeneity tests detect that residing with an adult child is endogenous to formal home care use but is exogenous to nursing home use (Rivers and Vuong, 1988) . Because the decisions to co-reside with an adult child and use long-term care are theoretically made simultaneously, we account for this endogeneity by using the simultaneous probit models to determine the marginal effect of proximity to death.
RESULTS
Specification tests on instrumental variables
Empirical models
Adjusting for the simultaneity of the living and care arrangement enlarges the effect of the two endogeneous variables: co-residing with an adult child and its interaction with proximity to death. However, the simultaneity adjustment has a limited effect on the other variables: the significance levels and magnitude of the coefficients are comparable in the single-equation probit and simultaneous probit models (Table III) . In both the nursing home and formal home care models, the variables of interest have the expected sign: positive on proximity to death and negative on being married, co-residing with an adult child (see Table III ).
The likelihood of institutionalization significantly increases with age but at a decreasing rate, as indicated by the positive coefficient on age and the negative coefficient on age squared. Age has a similar effect on the likelihood of formal home care use, as age and age squared are jointly significant (w 2 (2) 5 34.33, po0.01). As expected, the more disabled the person, the higher the probabilities of having any nursing home stay or any use of formal home care. Low cognition significantly increases the likelihood of institutionalization, but not formal home care use. Being a male, having low wealth and being covered by Medicaid significantly increase the probability of being institutionalized, while being African American, low education or living in a retirement community significantly reduce this probability. The effects of some of these variables differ in the formal home care model. The probability is lower if the person is male, has low wealth or resides in a suburban area. The probability is higher if the person is covered by Medicaid or resides in a retirement community.
Overall effects of proximity to death and age
As mentioned previously, we bootstrap the simultaneous probit models to predict the marginal effect of proximity to death and get consistent estimates of the standard errors. Overall, holding all characteristics constant (including marital status and co-residence with an adult child), being within 2 years of death significantly (po0.01) increases the probabilities of nursing home and formal home care use (Table IV) . The marginal effect of proximity to death is larger for nursing home than formal home care, both in absolute terms (percentage point increase) and relative terms (percent increase). The Valid instruments: Number of daughters, number of grandchildren, age of oldest child and whether the oldest child is a daughter interacted with proximity to death. likelihood of nursing home use is 4.0% not close to death and rises to 6.0% with proximity to death. This 2.0 percentage point increase means that the likelihood of institutionalization rises by about 50% in the last 2 years of life. Among community-based elderly, the probability of formal home care use starts at 7.0% and goes up to nearly 7.9% in the last 2 years of life. Such an increase corresponds to a relative marginal effect of 12.4%. In comparison, the marginal effect of age, defined as an increase of 1 year in age, is smaller (Table V) . At age 80, the marginal effect of age on institutionalization is about 4.8%, and at age 90 it is 2.6% (relative increase). The effect of age is smaller for formal home care use, with a relative marginal increase of 1.6% at age 80 and 1.1% at age 90. These results indicate that holding disability constant, both age and proximity to death affect the likelihood of long-term care use, but the effect of proximity to death is larger than the effect of age. It would take more than 10 years to get an effect of age similar to the effect of entering into the last 2 years of life. Simultaneous probit estimated by the Maximum Simulated Likelihood, using 10 pseudo-random draws per equation.
c At baseline in 1993, the survey participants were all residing in the community. To achieve convergence of the model, the reference wave for the nursing home model is set to 1993/1995. d Correlation of the error terms of the main equation and the likelihood of co-residing with an adult child, after adjusting for the simultaneity of the outcomes.
e Correlation of the error terms of the main equation and the likelihood of co-residing with an adult child within 2 years of death after adjusting for the simultaneity of the outcomes. Standard errors are in parentheses. They are obtained by 500 bootstrap iterations. Significant at ***1%, **5%, *10%. The probabilities are predicted holding constant other participants' characteristics (including marital status and co-residence with an adult child) and are averaged over the entire sample. In brackets are the 95% confidence intervals based on 500 bootstrap iterations. ***Marginal effect significant at 1%.
Effect of proximity to death by sources of informal care
Table VI reports that the probabilities of institutionalization and formal home care use are lower when informal support is available to the elderly (i.e. among married and co-residing individuals) than among non-married elderly. For example, non-married elderly are about five times more likely to be institutionalized than co-residing elderly, whether or not close to death. These results support the assumption of substitution between formal and informal care. When focusing on the marginal effect of proximity to death on nursing home use, we observe three phenomena (Table VI) . First, as hypothesized, availability of informal care mitigates the effect of proximity to death. The largest effect of proximity to death is among non-married elderly: the probability of nursing home use increases, in relative terms, by nearly 75% in the last 2 years of life. As indicated by the absence of overlap in the 95% confidence intervals, the marginal effects of proximity to death for non-married elderly significantly differ from the effect for married or persons co-residing with an adult child. Second, among married elderly, proximity to death does not increase nursing home use significantly. Proximity to death is significant among non-married and co-residing elderly only. Third, the marginal effect of proximity to death is larger among elderly who co-residing with an adult child (relative increase of 39.4%), than among married persons (relative increase of 2.1%).
When considering formal home care use, we find that the effect of proximity to death is significant for all three groups, with the largest effect among non-married elderly. The probability of formal home care use increases by 15.5% in relative terms in the last 2 years of life. However, the effect of proximity to death does not differ significantly by sources of informal care, with a relative increase ranging from nearly 9% among married elderly to 11.3% among co-residing elderly.
Robustness of results to measure of proximity to death
In the results presented above, proximity to death is defined as 'being within 2 years of death'. To observe whether our results are sensitive to this measure, we run the same models using a shorter indicator of time to death, i.e. 'being within 1 year of death', and its interaction with being married and co-residing with an adult child. In that case, the sample is smaller. The deceased individuals without a date of death have to be dropped as the vital status of the next interview occurring in 2 years cannot be used (n 5 991). Both measures of proximity to death provide comparable results, with modest differences described below.
In the nursing home model, availability of informal care has a larger mitigating effect for persons within 1 year of death than within 2 years of death. In the last year of life, the probability of The probabilities are predicted holding constant other participants' characteristics (including marital status and co-residence with an adult child) and are averaged over the entire sample. In brackets are the 95% confidence intervals based on 500 bootstrap iterations. ***Marginal effect significant at 1%.
institutionalization diminishes among married and co-residing elderly; in comparison, being within 2 years of death has no effect among married elderly and as a small positive effect among co-residing persons. In the formal home care model, the effect of being within 1 year of death is similar in magnitude to being within 2 years of death but is not significant. In addition, being within 1 year of death (compared with 2 years) has a larger positive effect for married and co-residing elderly. This sensitivity analysis does not raise any concerns on our main results, but suggests that proximity to death may have nonlinear effects in the last months of life.
DISCUSSION
The results of this study have several methodological and policy implications. Both age and proximity to death are significant predictors of long-term care use. Formal long-term care use increases with age at a decreasing rate. Such nonlinear effects of age may be due to selection bias; those who survive to age 80 or 90 without yet being in a nursing home are just less likely ever to use nursing home care. Holding other characteristics of the elderly population constant, increasing longevity will raise to some extent the per capita demand for long-term care. Another related implication is that the degradation in health attributable to mortality (captured by proximity to death) has a distinct effect from the morbidity process (measured by disability and cognition) and aging itself. The studies that disentangle the morbidity and mortality processes also find independent effects of these two dimensions (Cutler and Sheiner, 1998; Cutler and Meara, 2001; Seshamani and Gray, 2004a,b; Werblow et al., 2007; Stearns et al., 2007) . However, because age is also a significant determinant of long-term care use, all three dimensions of health need to be considered to accurately estimate participation in the long-term care market.
This study is the first to document the interplay between two major determinants of long-term care use: proximity to death and sources of informal support. On one hand, proximity to death has a large positive effect among non-married elderly, who constitute the vast majority of the frail elderly population. On the other hand, proximity to death plays a smaller role for the elderly co-residing with an adult child, and even a smaller or non-significant role among married elderly. As mentioned earlier, The probabilities are predicted holding constant other participants' characteristics and are averaged over the entire sample. For example, when predicting by marital status, co-residence with an adult child is held constant, and vice versa.
a few studies reveal that spousal care may be a more likely substitute for formal care than help from children (Freedman, 1996; Newman and Struyk, 1990) . Our results confirm this phenomenon, as the mitigating effect on proximity to death is larger for being married than co-residing with an adult child. Such findings are important in the context of changing informal support. The increase in the proportion of married elderly observed over the last decade (CPS, 2007) indicates that availability of spousal care has increased among the 701population. Therefore, in the future, the total effect of proximity to death may lessen if spousal care continues to become more prevalent. Even if spousal care substitutes for help from children, the contribution of proximity to death in shaping the demand for institutionalization will be reduced because proximity to death is not significant among married elderly, but is significant among individuals co-residing with adult children. More broadly, this study documents that changes in informal support interplay with health status and that the effect of health should not be considered separately from the effect of availability of informal care. In this study, one advantage of measuring proximity to death by one dichotomous indicator is that it limits the number of interaction terms. Doing so facilitates the use of an instrumental variable strategy to address the endogeneity of co-residence with an adult child by limiting the number of required valid instruments (i.e. overidentification). However, a set of indicators could capture nonlinear effects of proximity to death and help determine more specific patterns of long-term care use in the months of life. As shown in studies on acute and overall health-care expenditures, effects during the last few months before death may be especially strong and would deserve some attention in future works on long-term care (Zweifel et al., 1999; Seshamani and Gray, 2004a) . Furthermore, proximity to death is likely to affect the quality, hours and expenditures devoted to long-term care, and such outcomes may also differ by types of informal support available to the elderly. In addition, it may be important to understand whether the interplays of proximity to death and sources of informal care differ by racial and ethnic groups because African Americans and Hispanics constitute an increasing proportion of the elderly population in the United States (Administration on Aging, 2003) .
One unsolved methodological issue is the potential endogeneity of proximity to death (Salas and Raftery, 2001) . However, as explained in the method section, our simultaneous probit models provide conservative estimates: adjusting for individual FE in linear probability models increased the magnitude of the coefficients of interest but did not change their significance level. In total, the endogeneity of proximity to death may be more problematic for acute care than long-term care use, and further efforts are needed to find valid instruments.
There is ample evidence that marital status is a major determinant of long-term care use as the presence of a spouse is in general consider as a source of informal care (Cutler and Sheiner, 1998; Stearns et al., 2007) . However, this variable may potentially include some measurement error due to the fact that some spouses may be sick and unable to provide care. Such phenomenon is likely to be random and therefore may not bias our estimates.
The present model reveals the distinct role of proximity to death, age and disability, when controlling for the other determinants of long-term care use. While the model helps identify the separate role of these three dimensions of health, a more simplified model that does not control for all the determinants might be required for health-care expenditure predictions. In particular, it may be difficult to forecast disability. Two studies have used such simplified model to project future Medicare expenditures, using age and proximity to death to capture disability (Miller, 2001; Stearns and Norton, 2004) . Such forecasting is beyond the scope of the present study.
Increasing attention is being paid to the respective effects of aging and technology changes on health-care expenditures (Dormont et al., 2006; Cutler, 2005; OECD, 2006) . Beside age, proximity to death and informal care, future works should also consider the effect of technology on long-term care use, even if technology improvements are much more limited in long-term care than acute care services.
CONCLUSIONS
Our findings have three implications for policy. As proximity to death is a major driver of the likelihood of long-term care use, such measures need to be incorporated in models to accurately describe the demand for long-term care. Second, the likelihood of long-term care use does increase with age. As a result, increasing longevity alone will raise to some extent long-term care expenditures. Finally, the effect of proximity to death is significantly mitigated by availability of informal care. The participation in the long-term care market is not as concentrated at the end of life for married elderly and those coresiding with adult children, as it is for non-married elderly. Such findings indicate that it may be possible to control the increase in future long-term care use at the end of life by promoting the provision of informal care.
